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1 1 TH BIOMASS THERMOCHEMI CAL CONVERSION CONTRACTORS  MEET^ NG 
Richland, WA Sept.  23-24, 1980 

~ i o m a s s  Thermal Conversion. Research a t  S E R I  

Thomas A. M i l ne ,  Raymond E. Desros iers  
and Thomas B. Reed 

Biomass Thermal Conversion and Exp lo ra to r y  Branch 
Chemical and B i o l o g i c a l  D i v i s i o n  
So la r  Energy Research I n s t i t u t e  

ABSTRACT 

S E R I  ' s  involvement i n  . the  thermochemical convers ion o f  biomass. t o  
f u e l s  and chemicals i s  reviewed. In-house work i s  be ing  sponsored 
by Biomass Energy Systems, by t he  O f f i c e  o f  A lcohol  Fuels  and by t h e  . . 
Sol a r  Thermal Program. The U n i v e r s i t y  Program, t h e  So la r  Thermal 
~ e s t  F a c i l i t y  and t h e  Biomass -Program O f f i c e  suppor t  r e l e v a n t  sub- 
c o n t r a c t  work. The scope and a c t i v i t i e s  o f  t h e  Biomass Thermal Con- 
v e r s i o n  and Exp lo ra to r y  Branch a r e  .reviewed. The c u r r e n t .  s t a t u s  and. 
f u t u r e  p lans  f o r  t h r e e  t asks  a r e  presented:  ( 1 )  P y r o l y s i s  Mechanisms; 
( 2 )  High Pressure O2 G a s i f i e r ;  and ( 3 )  G a s i f i c a t i o n  Tes t  F a c i l i t y .  
(The Fast P y r o l y s i s  s tud ies  a r e  descr ibed  i n  d e t a i l  i n  a separate 
pa per.) 

-- -. 
I DISCLAIMER -1 



I. INTRODUCTION 

The So la r  ~ n e r ~ y  Research I n s t i t u t e ,  i n  ex i s tence  f o r  t h r e e  years,  and 
i n  l a b o r a t o r y  f a c i l i t i e s  f o r  j u s t  over  a  year ,  has embarked on a d i v e r s i f i e d  
and ambi t ious program i n  biomass thermochemical convers ion.  O f  p a r t i c u l a r  
re levance t o  t h i s  group a r e  t h e  a c t i v i t i e s  i n  g a s i f i c a t i o n  and combustion, 
bo th  in-house and subcontracted, which a r e  summarized i n  Table 1. 

Table 1 

SERI RESEARCH INVOLVEMENT I N  GAS.IFICATION & COMBUSTLON 

I. Fundamental and Exp lo ra to r y  S tud ies  

. A .  SERI Uni 'vers i ' t ies  Program 

1. Howard - MIT - Basic  P y r o l y s i s  Processes. 
2. An ta l  - P r i nce ton  - Secondary Cracking o f  Model Cpds. 
3. K r i ege r  - U. o f  Wash. - P y r o l y s i s  Behavior o f  Large 

P a r t i c l e s .  
4. Ma l t e  - U. o f  Wash, - Des t ruc t i on  o f  Tars and O i l s  

i n  Wood Stoves. 
5. Graboski - CSM - Gas i f .  K i n e t i c s  o f  P e l l e t i z e d  Char. 
6. Hoenig - Ar izona - ESP Cleaning o f  G a s i f i e r  E f f l u e n t  

B. SERI Biomass Program O f f i c e  (Subcontracted)  

1. Anta l  - P r i nce ton  - E f f e c t  ,o f  Pressure on P y r o l y s i s .  

C. STTF and So la r  Thermal Supported Biomass Work 

1. Anta l  - Pr ince ton  - Flash P y r o l y s i s  by D i r e c t  I r r a -  
d i a t i o n .  

2. Benham - SERI - Ent ra ined  Flow Fast  P y r o l y s i s .  

D. SERI In-House Biomass Supported Work 

1. M i l n e  - SERI - K i n e t i c s  and Mechanism o f  Fast  P y r o l y s i s .  
2. Chum - S E R I  - Elect rochemica l  Conversion o f  Biomass 

Der ived Chemicals. 

11. Engineer ing Stud ies 

A. SERI In-House So la r  Thermal Supported Work (Fuels  & Chemicals 
' Program) 

1. Benham - SERI - So la r  Receiver Fast  P y r o l y s i s  Reactor 
Devel opment . 

3 .  SERI In-House Biomass Supported Work 

1. Dcsros iers  - SERI - Model ing o f  A i r  Gasifiers 
2. D iebo ld  - SERI - Fast  P y r o l y s i s  o f  Large P a r t i c l e s  
3. Reed - S E R I  - High Pressure O2 G a s i f i e r  (A lcohol  Fuels 

O f f i c e )  

C. SERI D i r e c t o r ' s  D i s c r e t i o n a r y  Funds Supported Work. 

1. Desros iers  & S t a f f  - S E R I  - Low BTU G a s i f i c a t i o n  B o i l e r  
R e t r o f i t .  



11. SUBCONTRACTED AND SOLAR THERMAL WORK 

A. SERI Biomass Program O f f i c e  

SERI i s  fund ing  Pro f .  Mike Anta l  , a t  Princeton, through p a r t i a l  support 
o f  V i s i t i n g  Fel low f rom B r a z i l ,  D r .  Jose Moreira and f o r  a basic  s tudy "Biomass 
G a s i f i c a t i o n  Rates and Products i n  a Pressurized Environment". Moreira has re -  
c e n t l y  completed h i s  s t a y  a t  Princeton, r e t u r n i n g  t o  t t ie  I n s t t t u t e  o f  Physics 
a t  t he  Univ. o f  Sao Paulo where he and Dr. 'Jose Goldemberg w i l l  i n i t i a t e  a pro- 
gram on thermochemical conversion o f  wood.to l i q u i d  fue l s .  He ass is ted  Anta l  i n  
t h e  design and ope ra t i on  o f  a focused.-1 i g h t  source study o f  f1as.h pyro lys is .  o f  
powdered biomass. 

An ta l ,  i n  work s t a r t i n g  t h i s  summer, i s  c a r r y i n g  o u t  high-pressure TGA and 
DSC us ing  the  Setaram inst rument ,  coupled w i t h  pressur ized tubu la r  reac to r  ex- 
periments on t h e  pr imary  p y r o l y s i s  r e a c t i o n  k i n e t i c s  and the  products and reac- 
t i o n  r a t e s  o f  secondary gas-phase reac t ions .  

B.. . SERI So la r  Thermal Test Fac i l ' i , t y  'users Assoc ia t ion  

This group Os fundfng Antal  i n  a second phase o f  so la r -ass i s ted  g a s i f i c a -  
t i o n  s tud ies  . e n t i t l e d :  "Flash Py ro l ys i s  o f  Biomass Using Concentrated Sol'ar 
Radiat ion.  Phase 2: Reactor Development". Experiments -w i th  l abo ra to ry  1 i g h t  
sources, and .at t h e  Georgia Tech t e s t  f a c i l i t y ,  are involved.  

C. SERI - U n i v e r s i t y  Program 

SERI l s  Academic and U n i v e r s i t y  Programs Branch..is i n  the  se.cond year  o f  
an extensive g ran t  program support ing basic  and exp lo ra to ry  research i n  s o l a r  
conversion, w i t h  a s t rong  emphasis on biomass thermal conversion. 

Professor Jack Howard, MIT, i s  i n  the  second year  o f  a two year s tudy en- 
t i t l e d  : "Fundamental Studies o f  the  Product ion o f  Premium Fuel s  by Control  1  ed 
P ~ r o l y s i s  o f  Biomass". His  group i s  us ing t h g  programmed heat ing o f  e l e c t r i c a l  
g r i d s  t o  pyro lyze  biomass a t  ra tes  up t o  1000 C/sec and temperatures t o  1 1 0 0 ~ ~ .  
The system can accommodate 100 mg samples and permi ts  weight l oss  measurement, 
and gas and l i q u i d  c o l l e c t i o n  and ana lys is .  Mass balances o f  95% are  being - 
achieved w i t h  c e l l u l o s e .  Samples o f  i s o l a t e d  ce l l u lose ,  hemicel l u l o s e  and 1 i g -  
n in ,  from the same wood, w i l l  be ,s tud ied  and compared w i t h  whole wood. 

F i ve  new grants  were initiated t h i s  summer., Professor Barbara Kr ieger  
(U. o f  Washington) i s  s tudy ing  $"Product Formation K i n e t i c s  i n  the  Sing1 e, Large 
P e l l e t  Py ro l ys i s  o f  Biomass". She w i l l  exper imenta l l y  s tudy the  d e t a i l e d  pro- 
duc t  d i s t r i b u t i o n  f rom the  h igh  heat f l u x  p y r o l y s i s  o f  a si ,ngle, l a r g e  p e l l e t  
o f  biomass, q u a n t i t a t i v e l y  r e l a t i n g  the  product format ion ra tes  t o  the  para- 
meters t h a t  govern heat  and mass t r a n s f e r .  Such s tud ies  w i l l  be re levan t  t o  
combustion as w e l l  as p y r o l y s i s .  O 

Professor S t u a r t  Hoenig (Univ. o f  Arizona) w i l l  i n v e s t i g a t e  ' t he  "Develop- 
ment o f  New Technology f o r  Clean Up o f  Producer and Synthesis Gas". The ap- 
proach i s  t o  adapt p r i o r  work on the  con t ro l  o f  d iese l  smoke and aerosol suspen- 
s i o n  t o  the  c lean ing  o f  g a s i f i e r  e f f l u e n t s  , us ing  unjque e l e c t r o s t a t i c  p r e c i p i -  
t a t o r  techniques t o  agglomerate, and then p r e c i p i t a t e ,  p a r t i c u l a t e  mat ter .  The 
apparatus developed w i l l  be tes ted  on r e a l  g a s i f i e r  e f f l u e n t s ,  perhaps a t  ,SERIts 
A i r  G a s i f i c a t i o n  Test F a c i l  i t y  (See below). 



Pro f .  P h i l i p  Ma l t e  (Univ.  o f  Washington) w i l l  e xp lo re  "The Ox ida t i on  o f  
V o l a t i l e s  i n  Resident ia l .Wood Burn jng Equipment". He w i l l  measure and c h a r a c t e r - :  
i z e  t h e  r a t e  o f  o x i d a t i o n  o f  v o l a t i l e  m a t t e r  re leased  f rom wood, e s p e c i a l l y  the. 
condensib le  hydrocarbons. Two l a b o r a t o r y  systems w i l l  be used, a  j e t - s t i r r e d  
combustion r e a c t o r  doped w i t h  model compounds and a spec ia l  l a b o r a t o r y  wood com- 
bus to r .  The goal  i s  t o  i n d i c a t e  t h e  t i m e  and temperature c o n d i t i o n s  needed f o r  
c lean  wood burn ing  i n  smal l  s toves.  

Professor  Anta l  (P r i nce ton )  w i l l  c a r r y  o u t  "Mechanis t ic  and K i n e t i c  S tud ies  
o f  t h e  Gas Phase P y r o l y s i s  Chemistry o f  Biomass Using Model Compounds". The 
o b j e c t i v e  i s  t o  b e t t e r  d e f i n e  t h e  mechanisms and k i n e t i c s  o f  t h e  gas-phase p y r o l y -  
s i s  o f  biomass through use o f  c a r e f u l l y  se lec ted  model compounds. A laminar ,  
t u b u l a r  p l u g  f l o w  r e a c t o r  w i l l  be employed t o  s tudy  t h e  e f f e c t s  o f  res idence t ime,  
temperature and r e a c t a n t  concen t ra t ions  on f i n a l  products ,  w i t h  an emphasis on 
o l e f i n s  and t h e  h igh-va lue chemical products  o f  f a s t  p y r o l y s i s .  

P ro f .  Mike Graboski (Colorado School o f  Mines) w i l l  s tudy  t h e  " P y r o l y s i s  
and G a s i f i c a t i o n  K i n e t i c s  o f  Dens i f i ed  Biomass". Three tasks  w i l l  address t h e  
e f f ec . t  o f  d e n s i f i c a t i o n  and p a r t i c l e  dimension on char  fo rmat ion ;  o n .  t h e  i n -  ' 
t r i ' n s i c  r a t e  o f  char  g t is i f icat i 'on;  anr! on t h e  ,106a.1 r a t e  o f  g a s f f i c a t i o n .  Re- 

used t o  p r e d i c t  g a s i f i e r  performance 
i sul  t s  w i l l  be used t o  develop a comprehensive i n e t i c  des ign model which may be 

D. Sol.ar Thermal Supported In-House Bi'omass G a s i f i c a t i o n  Research - .+ 

Dr. Chuck Benham and h i s  co l leagues i n  t h e  So la r  Thermal Research Branch 
a re  c a r r y i n  o u t  two r e l a t e d  s tud ies .  I n  t h e  f i r s t ,  an improved v e r s i o n  o f  t h e  
China Lake 9 1979) en t ra i ned  f l o w  f a s t  p y r o l y s i s  apparatus i s  be ing--used t o  .map . 

t h e  behavior  o f  a  v a r i e t y  o f  powdered feedstocks as a f u n c t i o n  o f  temperature,  
res idence t ime and o t h e r  va r i ab les ,  w i t h  an emphasis on . o l e f i n  y i e l d s  f o r  subse- 
quent convers ion t o  l i q u i d  f u e l s .  Some work i s  underway i n  feedstock prepara- t 

t i o n  and f a s t  p y r o l y s i s  c a t a l y t i c  convers ion t o  l i q u i d s .  I n  t h e  second s tudy,  
focused s o l a r  c a v i t y  r e a c t o r s  a r e  be ing  designed t o  t r a n s f e r  s o l a r  hea t  across , . 
a  w a l l  t o  an en t ra i ned  f l o w  o f  powdered biomass. 

111. SERI BIOMASS THERMAL CONVERSION AND EXPLORATORY BRANCH IN-HOUSE RESEARCH 
I N  GAS1 FICATION 

A. I n t r o d u c t i o n  

The Biomass Thermal Conversion and Exp lo ra to r y  Branch i s  concerned w i t h  t h e  
whole range o f  non -b io l og i ca l  biomass convers ion processes. The i n i t i a l  empha- 
s i s  i s  on g a s i f i c a t i o n  and e lec t rochemica l  convers ion w i t h  f u t u r e  p r o j e c t s  l i k e l y  
t o  i n v o l v e  combustion, d i r e c t  l i q u e f a c t i o n ,  low-temperature thermal t rea tment  
( t he rmo lys i s )  , f u e l s  p roduc t i on  from t h e  products  o f  g a s i f i c a t i o n  and f u e l s  p ro -  
p e r t i e s .  

A group o f  t e n  s c i e n t i s t s  and engineers i s  p ~ r s u i n g ~ f i v e  tasks :  two funda- 
mental and t h r e e  w i t h  an eng ineer ing  o r i e n t a t i o n  (Tab le  2 ). Under t h e  Funda- 
mental and Exp lo ra to r y  Group, bas ic  s tud ies  o f  p y r o l y s i s  mechanisms a r e  underway, 
seek ing,a b e t t e r  understanding , o f  chemical pathways t o  a i d  o p t i m i z a t i o n  and de- 
s i g n  o f  new processes. E lect rochemica l  convers ion research aims t o  upgrade t h e  
va lue o f  biomass de r i ved  m a t e r i a l s  by e lec t rochemica l  process ing (e,g., fermenta- 
t i o n  ac ids  t o  gas01 i ne-1 i ke hydrocarbons).  
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F Y 8 1  PROGRAM STRUCTURE 

SERI  BIOMASS THERMAL CONVERSION 
AND EXPLORATORY' BRANCH 

(TOM M'I LNE) 

ELECTROCHEMISTRY 

(HELENA CHUM, MATTHEW RATCLI FF) 

FUNDAMENTAL a EXPLORATORY 
GROUP 

(HELENA CHUM) 
.- -- 

GAS I FICATION TEST F A C I  L I T Y  
(RAY DESROS I ERS GARY RI CHEY 

I HIGH PRESSURE O2 GASIF IER / 

4 FAST PYROLYSIS STUDIES 
(JIM BIEBOLD, JOHN SCAHILL) 

7 v 

GASIFICATION ENGINEERING 
GROUP 

(TOM REED) 

- 

Table 2. .i 

- 

- - CONSULTANTS 
HERB SCHROEDER - CSU 
BOB OSTERYOUNG - SUNY 

CONSULTANT 
MIKE GRABOSKI - CSM 

. 



Under the  G a s i f i c a t i o n  Engineering Group, two process development u n i t s  
a re  under cons t ruc t ion ,  each employing novel design conf igura t ions .  A t  one 
extreme, a  high-pressure, 02, downdraft g a s i f i e r  i s  being developed t o  con- 

' 

v e r t  biomass c lean ly  t o  CO and Hz f o r  subsequent synthesis  o f  methanol and 
ammonia a t  t he  farm-coop scale. A t  t he  o ther  extreme, a  f a s t  p y r o l y s i s  reac- 
t o r  has been designed t o  c rea te  high-value in te rmed ia te  products such as ethy-  
lene and benzene, f o r  subsequent conversion t o  l i q u i d  f u e l s ' o r  f o r  petrochemi- 
ca l  feedstock replacements. Both o f  these programs a re  supported by a  t h i r d  
task aimed a t  mathematical modeling o f  a  v a r i e t y  o f  g a s i f i e r  conf igura t ions  
based on data obtained from c a r e f u l l y  instrumented t e s t  reac tors .  

The electrochemical program, though i n  many cases i n v o l v i n g  " g a s i f i c a t i o n "  
(e.g., format ion o f  v o l a t i l e  products from- condensed-phase compounds) w i l l  n o t  
be described i n  d e t a i l .  It invo lves  the:conversion o f  biomass-derived producbs-, 
i n t o  h igh  energy content  chemicals and petrochemical subs t i t u tes .  The i n i t i a l  
s tud ies  w i l l  i nvo l ve  hydrocarbon and, hydrogen product ion.  Special  emphasis w i l l  
be given to .  the  i n v e s t i g a t i o n  (-by e l  ectrockemical means): o f  t h e  carboxyl i c  ac ids  
ob.tained i n  t h e  1  i que fac t i on  o f  wood:. Oxidat ionsv and reduct ions w i l l  be attemp- 
ted. The 1  i que fac t i on  procedures inc lude-mi~1iPautooxidat ion pretreatment o f '  - : 
wood. The l ong  term research w i l l  i nvo l ve  i n d i r e c t  electrochemical processes i n -  
vo l v ing  unusual valence s ta tes  and e lec t roorgan ic  synthesis  w i t h  convent ional 
o r  mod i f ied  e lect rodes app l ied  t o  the  reduct ion  o f  polyalcohols aiming a t  t h e  

+ A . product ion of. hydrocarbons o r  monoal coho1 s  ., These syntheses aim t o  y i e l d  more1 + l 4 & p  

. s f  - s p e c i f i c -  products f o r  eas ie r  separat ion* f rom ' t he  aq~ieou3"so;l ut ior is,  and" thus ' . " ?,. =*? 
a v o i d ~ s t e p s - i n  the  biomass r e f i n i n g .  Fundamental electrochemical i nves t i ga t i ons  - . 
inc lude the  study o f  emerging l i g n i n s ,  e.g:, from steam explos ion procedures, 
l i g n i n  model compounds, and o i l s  r e s u l t i n g  from the  p y r o l y t i c  t reatment  of wood. * *  JF 

Branch personnel a re  invo lved i n  a  support ing r o l e  i n  a  b o i l e r  r e t r o f i t  
demonstration a t  a  neighboring co r rec t i ona l  i n s t i t u t e .  The ob jec t i ves  are t o  - - w ~ ,  

t e s t  t he  f e a s i b i l i t y  o f :  

a. R e t r o - f i t t i n g  a  b o i l e r  t o  run  on producer gas. 
b. Separat ing the  paper f r a c t i o n  o f  munic ipal  s o l i d  waste. 
c. Cubing and dens i f y i ng  , the  c e l l u l o s i c  f r a c t i o n s  f o r  use as a  feed 

f o r  t he  g a s i f i e r .  
Also t o :  

d. Gain hknds on experience a t  opera t ing  the  above kinds o f  equipment 
on a  r o u t i n e  basis.  

e. Evaluate the  e n t i r e  system f o r  f u t u r e  scale up. 

The c l a s s i f i c a t i o n  equipment and the  cuber a re  being provided by the  SPM 
Group (Serv ice Prec is ion  Machinery). The g a s i f i e r  i s  a  Forest Fuels , s lop ing  
grate, c lose  coupled, a i r -b lown g a s i f i e r .  The b o i l e r  being r e t r o - f i t t e d  i s  l o -  
cated a t  Camp George.West i n  Golden. This i s  a  minimum s e c u r i t y  p r i son  operated 
by the  Department o f  Correct ions o f  the  Sta te  o f  Colorado and inmate l abo r  i s  
being used f o r  some o f  the  cons t ruc t i on  and w i l l  be used f o r  much o f  the  opera- 
t i n g  labor .  

The g a s i f i e r  w i l l - b e  run f i r s t  on wood chips. The c l a s s i f i c a t i o n  equipment 
w i l l  be tes ted  w i t h  waste from the Federal Center i n  Lakewood, Co. Each p o r t i o n  
o f  the system w i l l  be tes ted  independently a t  f i r s t .  The u l t i m a t e  goal o f  t he  
t e s t  w i l l  be t o  have a l l  components opera t ing  f o r  a  s u f f i c i e n t  l eng th  o f  t ime 
t o  evaluate performance. S E R I  involvement w i t h  the  t e s t  i s  through techn ica l  
coord ina t ion  and 50% funding. 

Three o f  the p r i n c i p a l ,  long-term g a s i f i c a t i o n  tasks are  discussed i n  the  
f o l l o w i n g  sect ions.  The f a s t  p y r o l y s i s  s tud ies  a re  described i n  a  companion 
paper a t  t h i s  meeting. 
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B. The K i n e t i c s  and Mechanisms o f  Fast Py ro l ys i s  (T.A. M i l ne )  

1. . I n t r o d u c t i o n  

A t  t h e  9 t h  Thermochemical conversion con t rac to rs  Meeting. (1979) t h e  general * 

goals and approach i n  o u r  f a s t  p y r o l y s i s  s tud ies  were reviewed, w i t h  a  d iscuss ion  
o f  t h e  p r i n c i p a l s  o f  high-pressure, molecular-beam, mass spectrometr ic  sampling. , 
We have now completed c o n s t r u c t i o n  and p r e l i m i n a r y  t e s t i n g  o f  t h e  sampling sy- 
stem and are  p repar ing  f o r  t h e  i n t r o d u c t i o n  o f  powdered biomass i n t o  a  h o t  steam 
environment f o r  observat ion,  i n  r e a l  t ime, o f  some o f  t h e  p y r o l y s i s  steps lead ing  - 
t o  o l e f i n s  and r e l a t e d  products.  The f o l l o w i n g  sec t ions  rev iew the  general ap- 
proach, t h e  design and performance o f  t h e  sampling system and t h e  plans f o r  b io -  
mass p y r o l y s i s  experiments. 

2. Background 

Underblyi rrg a I 1  bfamuss thcrmal r;onver*sion processes, i n c l  lrding combustisn, . 
g a s i f i c a t i o n  o r  l i q u i f a c t i o n ,  i s  a  pyro ' l ys is  s tep  o r  s teps.  ,An understanding 
o f  t h e  fundamental processes. o f  p y r o l y s i s ,  under t h e  v a r i e t y  o f  heat ing  condi-  
t i o n s  encountered Smrea l  o r  proposed donversion schemes, i s  impor tan t  both i n .  
o p t i m i z i n g  e x i s t i n g  systems f o r  des i red  products and i n  conce iv ing  o f  e n t i r e l y  
new convers ion rou tes  t o  novel products.  

The o b j e c t i v e  o f  t h e  present  t ask  i s  t o  determine t h e  fundamental chemical 
and phys ica l  processes by whi-ch biomass pyro.lyzes , us ing  rea.1 i s t i c  b u t  c o n t r o l  1  ed 
l a b o r a t o r y  cond i t i ons .  The emphasis o f  i n i t i a l  s tud ies  i s  on t h e  f a s t  p y r o l y s i s  
o f  bo th  f i n e l y  d i v i d e d  and massive pieces o f  biomass. 

A thorough rev iew o f  pas t  research i n  g a s i f i c a t i o n  and p y r o l y s i s  o f  biomass 
revea l s  t h a t  voluminous l a b o r a t o r y  s tud ies  o f  thermal behavior o f  wood, c e l l u -  
lose,  1  i g n i n ,  MSW, e t c .  have been performed. (Mi lne,  1979). However, few work- 
e rs  achieved t h e  des i red  combinat ion o f :  (1)  s imu la t i ng  cond i t ions ,  a t  t he  l abo r -  
a t o r y  scale, o f  re levance t o  " r e a l "  g a s i f i e r s  and ( b )  app ly ing  sampling devices 
and a n a l y t i c a l  techniques o f  s u f f i c i e n t  v e r s a t i l i t y  t o  record  t h e  e n t i r e  process 
o f  p y r o l y s i s  w i t h  bo th  h igh  s p a t i a l  and t ime r e s o l u t i o n .  This has been especCi- 
a l l y  t r u e  f o r  t h e  case o f fas t  p y r o l y s i s  o f  f i n e l y  d i v i d e d  biulf~ass t o  achieve 
h i g h l y  non-equ i l ib r ium products.  Our rev iew has i n d i c a t e d  t h a t  such f a s t  py ro l y -  
s i s / g a s i f i c a t i o n ,  which y i e l d s  a  high-value and v e r s a t i l e  o l e f i n  product, i s  a  
promis ing candidate f o r  a d d i t i o n a l  fundamental as w e l l  as app l i ed  research. 

A number o f  s tud ies  p a r t i a l l y  cha rac te r i ze  p y r o l y s i s  g a s i f i c a t i o n  under con- 
d i t i o n ~  o f  r a p i d  heatup, h igh  temperature, o r  s h o r t  residence t ime. These s tud ies  
can be grouped under f o u r  ca tegor ies  : 

( a )  slow-sol i d  p y r o l y s i s  f o l l owed  by s h o r t  residence t ime  f o r  r e - f s m i n g  
o r  secondary p y r o l y s i s  (AnLcil e t  a1 . 1979 ; Anta l  , 1980,) 

( b )  fas t -so l  i d  p y r o l y s i s  f o l  lowed by almost instantaneous quenching o f  
pr imary products i n  c o l d  gas or vacuum (L inco ln  1965, 1974; L i n c o l n  
and Covington 1975; M a r t i n  1965; Lewel len e t  a l .  1976; Hileman e t  
a1 . 1976; Bro ido and M a r t i n  -1961 , Howard e t  a1 . , 1980.) 

( c )  f a s t - s o l  i d  p y r o l y s i s  fo l lowed by re1 a t i v e l y  s h o r t  residence t imes f o r  
re - fo rming  o r  secondary p y r o l y s i s  (B r i nk  and Massoudi 1978; A l l a n  
and M a t t i l a  1971; Prahacs e t  al . .  1971; Rens fe l t  e t  a l .  1978; Berkowitz,  
Mattuck and Noguchi 1963; Diebold and Smith 1979; Kuester 1978; B r i nk  
e t  a1 . 1973; Ma1 l o n  1974). 



(d)  f a s t  pyrolysis followed by r e l a t i ve ly  long residence times fo r  re- 
forming o r  secondary pyrolysis (Brink 1976; Stern e t  a l .  1965; Bar- 
ber-Coleman 1975); or  very high e f fec t ive  temperatures (Brown 1979; 
Krieger. e t  a l .  1979; Allan and Matti l la  1971). 

These studies a r e  summarized and resu l t s  compared i n  Milne (1979) w i t h  the  
emphasis on production of o le f ins ,  s ince  these high value products a re  observed 
only i n  f a s t  pyrolysis. 

From a l l  the  evidence c i t ed  i t  appears t ha t  the  products of primary pyroly- 
s i s  a r e  a sensi t ive  function of physical s i z e  and s t a t e  of the  mater ia l ,  inor- 
ganic impurit ies,  heating r a t e ,  and f ina l  temperature. Gaseous environment seems 
to  be re la t ive ly  unimportant. Secondary reactions are  a function of contact 
with char,  temperature, pressure, di lution, .and residence time, w i t h  gaseous 
environment again perhaps secondary ( a i r  excluded) . The "ideal " f a s t  pyrolysis/ 
gas i f icat ion study should permit time resolved measurement of both the residue 
and gaseous species during the  en t i r e  course of the  react ion,  w i t h  millisecond 
time resolution,  i n  a r e a l i s t i c  gaseous process environment a t  pressure and w i t h  
p a r t i c l e  s izes  and loadings of practical  i n t e r e s t .  

3 .  Experimental Approach : 

Under t h i s  task,  we have constructed special ized apparatus t o  permit de- 8 

I + 

t a i l ed  mechanistic s tudies  of f a s t  pyrolysis under controlled,  . b u t  r e a l i s t i c . .  . 4.- 

laboratory conditions. The approach i s  to  combine a pulverized biomass, f a s t  - . , I  - 
flow, rapid heat-up, short-residence time reactor/pyrolyzer/gasifier with a 
d i r ec t ,  high-pressure, molecular-beam, mass-spectrometric sampling system. 

a ;  High-Pressure, Molecular Beam Mass-Spectrometry. 

A ve r sa t i l e  method of sampling reactive systems a t  atmospheric pressure 
and above, i s  to  extract  gas through small,  conical ,  sonic o r i f i c e  in to  
high vacuum. I f  proper combinations of d i f f e r en t i a l l y  pumped regions a re  , '  

used, the extracted gas i s  expanded t o  col l isonless  flow in microseconds, 
and the resul t ing molecular flow can be collimated so t ha t  a portion d i -  
r e c t l y  enters the  ion source of the  mass spectrometer~.without wall c o l l i -  
s ions.  In t h i s  manner even highly reactive f ree  radicals  and condensible 
species can be sampled, w i t h  the mass spectrometer const i tu t inq one of 
the most versati1 e analytical  detecturs avai lable .  

The molecular beam sampling system constructed fo r  t h i s  work, follows a 
design used successfully i n  previous work a t  Midwest Research In s t i t u t e  
fo r  the study of the  ear ly  pyrolysis/combustion stages of pulverized coal 
flames, among other applicat+ons. A schematic of the  system i s  shown i n  
Fig. 1. (Milne & Beachey, 1977, a ,b ;  Milne & Greene, 1969). 

b. Fast Pyrolysis/Gasifier Reactor. 

In the design of a f a s t  pyrolysis reactor i t  i s  desirable to  incorporate 
the following features :  

(1) Fast Pyrolysis of small pa r t i c les :  

( a )  . Dilute sol i d  phase, eiilralned flow reactor capable 
of interfacing w i t h  the sampling system from the  
e a r l i e s t  s tages of reaction.  

(b)  Heating r a t e s  u p  t o  1 0 ~ ~ ~ / s e c .  
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Fig. 1. Schematic of the ' ~irect , : Molecul ar-Beam, Mass-Spectrometric, 
Sampl ing System 



( c )  Sampling t ime  r e s o l u t i o n  o f  m i l l i s e c o n d s .  
( d )  One-dimensional , cha rac te r i zab le .  f l ow .  
( e )  Usable w i t h  i n e r t  gases, steam, Hz,  o t h e r  gases 
( f )  Capable o f  hand l ing  a v a r i e t y  o f  f i n e l y  d i v i d e d  

feedstocks. 

( 2 )  Fast  p y r o l y s i s  o f  l a r g e  p a r t i c l e s :  

( a )  High heat  d e p o s i t i o n  r a t e s  f rom a un i form,  c o n t r o l -  
1 a b l e  source. 

( b )  A b i l i t y  t o  i n t e r f a c e  bhe p y r o l y s i s  plume w i t h  t h e  
molecular  beam sampl ing system under a v a r i e t y  o f  
atmospheres and range o f  pressures from vacuum t o  
severa l  atmospheres. 

The l a b o r a t o r y  p y r o l y s i s  r e a c t o r  be ing t e s t e d  c o n s i s t s  o f  a combustion 
system, burn ing  s l i g h t l y  r i c h ,  which w i l l  produce a h o t  steam/C02 en- 
v i ronment.  P a r t i c l e s  o f  biomass w i l l  be i n j e c t e d  i n t o  t h e  b u r n t  gas 
and t h e i r  behavior  s t ud ied  as p y r o l y s i s  proceeds. The f lame has severa l  
advantages. Q u i t e  extreme c rack ing  c o n d i t i o n s  can be achieved and t h e  
atmospheres can be v a r i e d  from n e a r l y  pure C02 ( i n  a CO-02 flame) t o  
n e a r l y  pure Hz0 ( i n  a Hz-02 f lame) .  One can e a s i l y  probe through t h e  
system t o  observe t h e  ve ry  e a r l i e s t  stages o f  p y r o l y s i s  as t h e  p a r t i c l e s  
mix  and heatup i n  t h e  f lame gases. Im tadd i t i on .  t h i s  system,models qu i te - -  

- r e a l  i s t i c a l  l y  one- o f  t h e  possi,bl e r e a c t o r  ' con f i gu ra t i ons  t h a t  may be 
adapted from commercial pet ro leum p r a c t i c e  t o  biomass a p p l i c a t i o n .  
(Gomi 81 Arak i  , 1971 and Kn ie l  e t  a1 . , 1980). 

4. . Performance o f  t h e  SERI High-Press.ure, Molecular-Beam, Mass Spectro- 
m e t r i c  Sampling System. 

We have c a r r i e d  o u t  a few gener ic  t e s t s  o f  t h e  new SERI system t o  r e l a t e  
t h e  performance t o  p rev ious  systems used a t  Midwest Research I n s t i t u t e  ( M i l n e  
& Beachey, 1977). 

To t e s t  t h e  pumping c a p a b i l i t y  o f  t h e  var ious  stages o f  t h e  system, and 
t h e  v a r i a t i o n  o f  beam i n t e n s i t y  w i t h  t h e  c r u c i a l  v a r i a b l e  o r i f i ce - sk immer  
d i s tance  ( z ) ,  a s e r i e s  o f  measurements were made w i t h  t h i n ,  c i r c u l a r  o r i f i c e s  
a t tached  t o  a moveable i n l e t  tube. The system pressures a r e  shown i n  Table 3 
and t h e  behavior  o f  mo lecu la r  beam i n t e n s i t y  w i t h  o r i f i c e  s i z e  and o r i f i c e -  
skimmer d i s tance  i s  shown i n  F ig .  2. 

The system seems t o  work w e l l  w i t h  one-atmosphere a i r  and o r i f i c e s  as l a r g e  
as 0.030"diameter. I n  sampl i n g  heterogeneous systems, o r i f i c e s  o f  t h i s  d iameter  
may be necessary t o  min imize phys i ca l  p l ugg ing  d u r i n g  an exper iment.  Acbual ly ,  
w i t h  h o t  gases t h e  mass f l o w  across t h e  son i c  o r i f i c e  i s  a f u n c t i o n  o f  T'2 so t h a t  
even l a r g e r  o r i f i c e s  may be f e a s i b l e .  A lso  shown on F ig .  2 i s  a s i n g l e  p o i n t  
f o r  a 0.020" o r i f i c e  a t  t h e  apex o f  a spun-copper cone (as shown i n  F ig .  1 ) .  
Good beam i n t  n s i t y  i s  shown a t  t h e  z-value chosen. I n  f a c t ,  w i t h  h o t  f lame 6 gases (3 2000 K), .beam i n t e n s i t i e s  inc rease  about a f a c t o r  o f  f i v e .  
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The d i f f e r e n t i a l  pumping achieved i n  the various stages o f  the system 
resu l ted  i n  an exce l len t  signal-to-noise r a t i o  f o r  the-chopped beam t h a t  f i n a l l y  
reachedthe mass spectometer i on  source. Fig. 3 shows an osci l loscope t race o f  
the modulated s ignal  (nominal 100 Hz chopping frequency) from the 02 component 
of a i r .  The signal-to-noise r a t i o  i s  about 1411, a very sa t i s fac to ry  value. 

Another t e s t  o f  sampling system behavior consists o f  observations o f  th? 
r a t i o s  o f  argon c l us te r s  i n  the  expansion o f  pure Argon. Fig. 4 shows the Ar, 
c l u s t e r  ions observed when one atmosphere o f  argon, a t  room temperature, i s  
expanded through a f l a t ,  0.010" dia. o r i f i c e .  The behavior i s  consistent  w i th  
extensive past work (Mi lne and Greene, 1969) i nd i ca t i ng  a shock-free, adiabat ic 
expansion o f  t he  sampled gas t o  c o l l  i s ion less  molecular flow. 

As a f u r t he r  t e s t  o f  system capab i l i t y ,  mass spectral  scans were made whi le 
sampling room a i r  and the  gases from the reac t ion  zone o f  a s to ich iometr ic  CHq/ 
air. Pldntr. Figures 5-7 show typ ica l  scans over a l i m i t e d  mass rangP by whIch 
d a i l y  performance i s  monitored. Figure 5 i s  a scan o f  t o t a l  m u l t i p l i e r  output, 
w i t h  no modulated beam present (DC) , and represents the background contamination 
i n  the  mass spectrometer. The major peaks a t  H20, N2 + COY 02, Ar and C02 are 
no t  unexpected. Figure 6 shows the peaks obtained from a one-atmosphere a i r  beam 
us ing phase-sensi t i v e  detect ion o f  the chopped beam (AC) . The dominant peaks, N2 
and 02 are o f f  scale. The 1% argon and about O.O3.% CO2 are t l e a r l y  v l s i b l e  as i s  
the Hz0 peak. Water c lus te r .  peaks are seen a t  mass 19 (H30 ) and 37 (H30i H20). 
Other peaks a re  fragment ions od common isotopes. Fig. 7 shows a s im i l a r  AC scan 
o f  the gases from the  reac t ion  zone o f  a s to ich iometr ic  methane-air flame. C02 
and H20 are now q u i t e  large, the water c lus te rs  are gone and hydrocarbon-origina- 
t i n g  peaks a t  15 (probably C H ~ +  from CH ) and 26' are now present. Note also the 
30* peak, probably due t o  NO. I n  Hz-02- 1 r flames, hydrocarbons w i l l  be easier t o  
detect. (Note: a1 1 these spectra were taken a t  50 ev i on i z i ng  elecfron energy. 
At  lower e lec t ron energies, fragmentation w i l l  be reduced and f ree  rad ica ls  1 i k e  
OH can be observed. ) 

I n  r e l a t i v e l y  slower scans (Q 5 amulminute) over bigger mass ranges, higher 
s e n s i t i v i t y  r e s u l t s  a re  shown f o r  species from a i r  (Table 4) and species from the 
methane-air flame (Table 5). As an i nd i ca t i on  o f  s e n s i t i v i t y ,  note t h a t  the na- 
t u r a l  K r  isotopes i n  a i r  can be seen a t  the  130 t o  650 par ts  per b i l l i o n  leve l .  
Fig. 8 shows a p o r t i v n  of a fcan+from the flame over the K r  region. (The abun- 
dance i n  a i r  i s :  82, 83, 84, 86 a t  130, 130, 650 and 200 ppb. respectively.) 
Even higher s e n s i t i v i t y  can be achieved w i t h  slower scans o r  s ignal  averaging. 

As a f i n a l  example o f  very p re l  iminary tests,  species p r o f i l e s  through the 
one-atmosphere CH4-air flame are shown i n  Fig. 9. We d i d  not  y e t  have a good pos- 
i t i o n i n g  device f o r  moving the flame reproduceably w i th  respect t o  the sampling 
o r i f i s e ,  but the  dot ted l i n e s  cnnnccting po in ts  upstream o f  the react ion zone and - 
those i n  the reac t ion  zone, are consistent  w i t h  previous work. 

5. Future Work. 

The basic sampling system i s  now tested and ready f o r  app l ica t ion t o  pyrol-  
y s i s  studies. The f i r s t  t es t s  w f  11 be w i t h  powdered wood fed i n t o  burnt gas 
columns (steam) o f  a s to ich iometr ic  H -02-Ar flame. Measurements are a lso planned 
f o r  py ro lys is  o f  massive pa r t i c l es  un f e r  h igh heat f l ux .  These studies w i l l  pro- 
v ide informat ion d i r e c t l y  re levant  t o  some o f  the new concepts being studied i n  
our task on fas t  py ro lys is  engineering. The heat f l u x  w i l l  be provided by e i t he r  



Fia. : .. Oscilloscope Photo of O2 Beam Intensity at a Chopping Frequency 
of about 100 Hz 



Fig. 4. Relative Intensit ies o f  Argon Clusters Observed When 1 Atm. o f  Argon 
I s  Expanded Through a 0.010 inch Diameter F la t  Or i f ice 
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Fig,. 6 ,  AC Scan of Maaor Species i n  A i . r  



Fig. 7. AS k a n  of M&jor Species i n  a CH4dir Flame Reaction Zone 

Fig. 8.. A One Minute AC Scan Over Krypton Peaks in Air 
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ORDER OF MAGNITUDE CONCENTRATION OF SPECIES IN A 
ROOM TEMPERATURE AIR BERM 
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%ass numbers o f  less than 0.3 ppm are nat listed. 
**"Conccntrationsn are estimated by comparing ion ratios to 40+, which was assumed to 

be at 9,300 ppm in air. 
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Table 5 

ORDER OF MAGNITUDE CONCENTRATION OF SPECIES IN A 
STOICHIOMETRIC CH4-AIR FLAME NEAR THE REACTIQN ZONE 

MASS - 
"CONCENTRATION" 

PPM** 

*Mass numbers less than 0.1 pprn are not unl isted.  
**YConc~ntrationsu- are estimated by cornpari ng ion rat ions 

t o  40 , which was assumed t o  be a t  9,300 ppm i n  the flame. 



Fig. 9. Flame Profiles Through a Sto ich imetr ic  CH4-Air 
Conical Flame 



a C02 o r  Nd-YAG CW laser .  The laser  produced pyro lys is  products w i l l  be sampled 
by techniques developed by Greene (1977). 

C. The SERI High Pressure Oxygen Gas i f i e r  (T.B. Reed and M. Graboski). 

1. In t roduct ion.  

Gas i f i ca t ion  i s  a wel l  tes ted method f o r  convert ing s o l i d  f ue l s  such as coal 
o r  biomass t o  a gas t h a t  can be used f o r  heat, power production o r  p ipe l ine  gas. Thec 
gas produced cons is ts  p r i m a r i l y  o f  CO, Hz and CH4 and can a lso be used t o  synthesize 
l i q u i d  f ue l s  such as methanol o r  gasoline. 

Although both coal and biomass gas i f i e r s  have been widely used i n  the past, there 
are  no biomass g a s i f i e r s  present ly  ava i lab le  t o  make a medium energy gas su i tab le  f o r  
chemical synthesis. [See SERI's Survey o f  Biomass Gasi f icat ion,  3 Volumes, SERIITR- 
33-239 (1 979, 1980)] 

2. Design Considerations f o r  an Oxygen Gasi f ie r ,  

The simp1 eqt, method f o r  generating a su i tab le  medium energy gas i s  uRyyen y a s i f i -  
ca t ion.  The Union Carbide Purox g a s i f i e r  produced p r ima r i l y  CO and HZ which could 
have been used f o r  chemical synthesis. The Purox g a s i f i e r  was an updraf t  gas i f ie r  
which produced l a rge  quan t i t i es  o f  a heavy o i l  which was scrubbed from the gas near 
room temperature and returned t o  the gas i f i e r .  This proved t o  be more d i f f i c u l t  than 
operat ion o f  the  g a s i f i e r  i t s e l f  and imposed severe water cleanup problems on the 250 . 
ton/day p l an t  operated i n  South Charleston, W. Va. between 1974 and 1978. Also the gas 
had a high methane content and was produced a t  atmospheric pressure dtrd so would have 
requ i red compression t o  50-100 atmospheres f o r  c a t a l y t i c  conversion, an energy in%en- 
s i ve  process. No commercial Purox p lants  are  being b u i l t  i n  the U.S. today, though.the 
process i s  being developed fu r ther  I n  Japan. An engineering a n a l y s i s o f t h e  use o f  b io-  
mass i n  the Purox process was car r ied  ou t  by Desrosiers (1 979). (SERI/TR-33-151) 

I n  an updraf t  gas i f i e r ,  a i r  or oxygen enters under a grate, gas i f i es  the char on 
the grate  t o  form ho t  CO and Hz, and then passes up through the enter ing biomass, py- 
r o l ys i ng  i t  and dry ing i t  t o  add py ro lys is  o i l s  and water t o  the  gas stream. These 
o i l s  can contain as much as 30% o f  the o r i g i na l  biomass energy. 

I n  a downdraft gas i f i e r ,  a i r  o r  oxygen and biomass enter the react ion zone to-  
gether causing an i n i t i a l  py ro lys is  and drying. The o i l s ,  CO2 and H 0 produced then 
pass down through a bed o f  hot  charcoal, cracking these o i l s  and r e i u d n g  the COZ and 
H 0 t o  CO and Hz. Thus the order o f  events i n  a downdraft g a s i f i e r  i s  reversed from 2 t e updraf t  and as a r e s u l t  very l i t t l e  o i l  i s  produced due t o  the cracking act ion o f  
the char bed. A m i l l i o n  o r  so o f  these gas i f i e r s  were used i n  Europe during World War 
I1 t o  power cars and trucks. 

I n  1978, SERI and Environmental Energy Engineering a t  Morgantown West, V i rg in ia  
operated a small World War I 1  (Hesselman, 50 kW) g a s i f i e r  on wood pe l l e t s  and on " a i r "  
gradual ly  enriched by oxygen up t o  pure oxygen. To the surpr ise o f  the operators, the - 
temperature i n  the g a s i f i e r  on ly  fncreased about lOOoC as the a i r  was gradual ly  re-  
placed by oxygen a l  d f i xed  biomass feed r a t e .  Wc bc l i sve  the explanation o f  t h i s  ef-, 
f e c t  l i e s  i n  what we have termed " react ion temperature s tab i l i za t i on "  t h a t  occurs i n  
a downdraft g a s i f i e r .  I f  the operating temperature o f  about 1 0 0 0 ~ ~  increases-, the 
endothermic react ions invo lv ing  reduct ion o f  C02 and Hz0 and cracking o f  pyro lys is  A 

o i l s  speed up, thus minimizing the temperature increase. I f  f o r  any reason the ternper- 
a ture  tends t o  decline, the endothermic react ions become sluggish and the exothermic 
combustion react ions dominate, thus minimizing the temperature decrease. We be1 ieve 
t h i s  t o  be a very important p r i n c i p l e  and have incorporated i t  i n  the design o f  the 
SERI oxygen gas i fer .  

Although downdraft gas i f i e r s  produce much less  t a r s  than updraft,  there i s  s t i l l  
enough t a r  to. t h a t  the gas must be f i l t e r e d  before i t  i s  used i n  engines, The hot char 
zone i n  downdraft gas i f ie rs  i s  t y p i c a l l y  on ly  about 10 cm long, so t h a t  even though 
the o i l s  are no t  thermodynamically s tab le  a t  h igh temperatures, i t  i s  not  su rp r i s ing  
t h a t  no t  a l l  o f  the t a r s  crack i n  t h i s  zone. However, i t  should be possib le t o  crack 
a l l  the tars, provided a long, hot  char zone can be maintained, 



3. G a s i f i e r  Design and Cons t ruc t ion .  

1 n i  t i a l  sketches o f  a  smal l  "proof  of  concept1' g a s i f i e r  i n c o r p o r a t i n g  these  
p r i n c i p l e s  were taken t o  Hazen Research Inc . ,  an R & D Company l o c a t e d  i n  Golden, 
Colorado i n  December 1979. I n  conference w i t h  severa l  o f  t h e i r  engineers,  t h e  
f i n a l  g a s i f i e r  vessel ,. shown i n  F igu re  10 was designed e a r l y  i n  1980. The p i p i n g  
and i ns t rumen ta t i on  diagram o f  F i gu re  11 was designed a l s o  i n  c o n s u l t a t i o n  w i t h  
t h e i r  engineers and an es t imate  o f  $140,000 f o r  t h e  des ign and c o n s t r u c t i o n  phase 
was made by Hazen. Actua l  c o n s t r u c t i o n  under a  S E R I  purchase o r d e r  began i n  March 
1980 and was f i n i s h e d  August 15, .1980. 

The g a s i f i e r  i n  F igure  10 i s  a  downdraft ,  non-slagging, h i g h  pr.essure, oxygen 
g a s i f i e r .  Biomass ( i n i t i a l l y  sawdust p e l l e t s )  a r e  i n t r oduced  i n  t h e  b a l l  v a l v e  
l o c k  hopper a t  t h e  top.  A burner ope ra t i ng  on propane and oxygen supp l i es  p re -  
heat t o  t h e  p e l l e t s  f o r  p y r o l y s i s ,  s i n c e  t h e  p y r o l y s i s  s tage i s  endothermic. ( I n  
a  p roduc t ion  u n i t ,  t h i s  heat would be supp l i ed  by a  smal l  amount o f  p roduc t  gas.) 
The g a s i f i e r  ma in ta ins  a  bed of  char approx imate ly  1  meter l o n g  t o  c rack  t he  t a r s  
f rom t h i s  p y r o l y s i s  and reduce t h e  C02 and H20 from p y r o l y s i s .  

It i s  planned t o  operate t h e  char  bed a t  1 0 0 0 ~ ~ .  Higher  temperatures would 
r i s k  m e l t i n g  o f  t h e  ash w h i l e  lower  temperatures would slow down t h e  r e a c t i o n s .  
I n  o rde r  t o  ma in ta i n  t h i s  temperature, oxygen i s  i n j e c t e d  a t  t h r e e  stages through 
f o u r  lances a t  each stage. A  c e n t r a l  thermocouple tube c o n t a i n i n g  9  t ype  k  thermo- 
couples i s  mounted a x i a l l y  i n  t h e  bed t o  mon i t o r  temperature on a  24 p o i n t  L&N 
recorder .  Oxygen f lows  w i l l  be c o n t r o l l e d  a t  each l e v e l  t o  m a i n t a i n  10000C. . , 

I n  u p d r a f t  g a s i f i e r s  t h e  g r a t e  has two f unc t i ons .  I t  suppor ts  t h e  we igh t  
o f  t h e  f u e l  and i t  a l l ows  a i r  o r  oxygen t o  con tac t  t h e  h o t  char.  Because t h i s  
r e a c t i o n  i s  v e r y  exothermic,  g r a t e  temperatures tend t o  l i m i t  th roughput  f o r  up- 
d r a f t  g a s i f i e r s .  The g r a t e  i n  F igure  10 i s  o n l y  a  "phys ica l  g ra te "  f o r  suppor t  
o f  t h e  bed. The ac tua l  r e a c t i o n  a t  a  "chemi a1 g ra te "  occurs a t  t h e  t o p  o f  t h e  E bed and a t  t h e  sides, a  t o t a l  area o f  0.42 m (4.5 f t 2 ) ,  so t h a t  we expect t o  
have r a p i d  char  r e d u c t i o n  w i t h  r e l a t i v e l y  low "chemical g ra te "  temperatures. 

4. Operat ion o f  t h e  G a s i f i e r .  

The f i r s t  r u n  was on September 15 us ing  charcoal  o n l y  and l a s t e d  5  hours. 
Some d i f f i c u l t y  w i t h  t h e  l o c k  hopper was encountered, b u t  a l l  i n s t r umen ta t i on  
and temperature c o n t r o l  systems were o p e r a t i n  w e l l ,  and a  gas c o n t a i n i n g  20% 
CO was produced i n  a  bed o f  charcoal  5-10 cm 9 2-4 inches)  deep. The b a l l  v a l v e  
feed i s  be ing improved and we p lan  t o  operate i n  r a p i d  succession on atmospheric 
pressure a i r ,  then oxygen, then 10 atmospheres a i r  and f i n a l l y  10 atmospheres 
oxygen. 

5. Fu tu re  Plans. 

A t  present  t h e  gas produced i s  be ing  f l a r e d .  However p lans a r e  underway 
t o  c o n s t r u c t  a  c a t a l y t i c  convers ion l i n e  t o  produce smal l  amounts o f  methanol 
and a l coho l  f u e l s .  Commercial c a t a l y s t s  w i l l  be t e s t e d  i n i t i a l l y ,  b u t  we w i l l  
seek unusual new f u e l  c a t a l y s t s  t o  t e s t  as w e l l .  
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D. G a s i f i c a t i o n  Engineering (R. Desrosiers)  

:I. I n t r o d u c t i o n  

3.1 Thermal Conversion by G a s i f i c a t i o n  

G a s i f i c a t i o n  i s  a means of  conver t ing  a s o l i d  f u e l  such as coal  o r  wood 
t o  a gaseous f u e l .  One method o f  accomplishing g a s i f f c a t i o n  i s  termed p a r t i a l  
o x i d a t i o n  p y r o l y s i s .  I n  t h i s  process, the  heat requi'red f o r  t he  conversion 
steps i s  generated i n  s i t u  by burning a por t i .on o f  t h e  feed. 

The method o f  con tac t i ng  the  f l u i d  and s o l i d  streams determines the  type 
o f  equipment used t o  c a r r y  o u t  t h e  g a s i f i c a t i o n  step. The s imp les t  type i s  
t h e  moving bed r e a c t o r  i n  which t h e  s o l i d  feed moves downward, countercurrent-  
l y  t o  t h e  gas stream. Th.e bed i s  supported by a g ra te  through which an a i r  
stream i s  passed, The ma te r ia l  immediately a b o v ~  the  g ra te  i s  burned t o  carbon 
d iox ide .  The-hot  carbon d iox ide  and any steam i n  the  a i r  b l a s t  then r e a c t  
w i t h  charred feed t o  y i e l d  carbon monoxide and hydrogen. The r i s i n g  ho t  gases 
then encounter f r e s h  feed and the  l a t t e r  undergoes p y r o l y s i s :  a s p l i t t i n g  i n t o  
char, o i l ,  and gas. The f i n a l  product  i s  hot,  o i l - l aden ,  combustible gas. 
The raw gas i s  s u i t a b l e  f o r  combustion i n  a gas f i r e d  b o i l e r .  Other methods 
o f  con tac t i ng  such as f l u i d i z e d  o r  cocur ren t  moving beds y i e l d  a c leaner pro- 
duc t  because t h e  o i l s  evolved from the  p y r o l y s i s  o f  f r e s h  feed have a greater  
residence t ime  i n  the  bed and are cracked before e x i t i n g  the  reac to r .  However, 
t h e  same bas ic  processes described above . f o r  t h e  u p d r a f t  reac to r  occur i n  a l l  

' g a s i f i c a t i o n  schemes. 

The q u a l i t y  o f  t he  product  gas can be t a i l o r e d  t o  match the  end use. Gas- 
i f i e r s  are c u r r e n t l y  being used t o  supply b o i l e r  f u e l  and gas f o r  s t a t i o n a r y  
and t r a n s p o r t a t i o n  engines. The c lean gas cons is ts  o f  carbon monoxide, hydro- 
gen, methane ( t h e  combust ible components), carbon d iox ide ,  and n i t rogen  ( d i -  
l u e n t s  o f  zero f u e l  va lue) .  I f  oxygen i s  used f o r  g a s i f i c a t i o n  i n  p lace o t  
a i r  then the  product  gas i s  r e l a t i v e l y  f r e e  o f  n i t rogen  and w i t h  some f u r t h e r  
processing cou ld  be made s u i t a b l e  f o r  chemical synthesis  , e.g., t he  produetfon 
o f lnetkanol . 

1.2 The Need f o r  Fundamental Data 

Since g a s i f i c a t i o n  can u t i l i z e  a renewable f u e l  (wood) and s a t i s f y  a var- 
i e t y  o f  end uses, severa l  economic s tud ies  have been made which attempt t o  
p r e d i c t  c a p i t a l  investment and product  cos ts  f o r  wood g a s i f i c a t i o n  systems. 
The s tud ies  u s u a l l y  i n d i c a t e  t h a t  over h a l f  t he  product  cos t  i s  a t t r i b u t a b l e  
t o  feedstock cost ,  thus makSng t h e  o v e r a l l  economics very s e n s i t i v e  t o  conver- 
s ion  e f f i c i e n c y .  Mass balances f o r  biomass thermal conversion schemes have 
n o t  been c losed t o  b e t t e r  than lo%,  thus conversion e f f i c i e n c i e s  can be i n  
e r r o r  by a t  l e a s t  t h i s  amount, Nothing i s  more fundamental t o  a chemical 
r e a c t i o n  than i t s  s to ich iomet ry .  

The d i s t r i b u . t i o n  o f  biomass sources leads t o  the  conclus ion t h a t  these 
f u e l s  may bes t  be used near the  s i t e s  where they  are  produced i n  small capa- 
c i t y  u n i t s .  I f  g a s i f i c a t i o n  i s  t o  make a s i g n i f i c a n t  c o n t r i b ~ l t i o n  t o  t h e  
supply o f  f u e l  gas then the  technology must be a v a i l a b l e  t o  adapt t he  common 
reac to r  types t o  convenient s i z e  ranges and t o  t a i l o r  gas q u a l i t y  t o  t he  
needs o f  each p a r t i c u l a r  user. This i s  t he  realm o f  reac to r  design and the 
major i n p u t  requ i red  i s  k i n e t i c  data on processes occu r r i ng  i n  g a s i f i c a t i o n  
reac to rs .  This  data i s  simply n o t  c u r r e n t l y  ava i l ab le .  Reported r a t e s  f o r  
g a s i f i c a t i o n  o f  chars can vary by a fac tor  o f  t e n  f o r  s i m i l a r  mater ta ls .  I n  
add i t i on ,  most o f  t h e  data has been obta ined w i t h  f i n e  p a r t i c l e s ,  n o t  t h e  



bu lk  ma te r i a l  used i n  moving bed reac to rs .  What i s  needed i s  fundamental r a t e  
data which can be incorpora ted  i n t o  a  r e a c t o r  model and used t o  p r e d i c t  behav- 
i o r  under any process c o n d i t i o n  and t o  sca le  reac to rs  t o  des i red  capac i t i es .  

2. Object ives 

The o v e r a l l  o b j e c t i v e  i s  a  re1  i a b l e  design c a p a b i l i t y  f o r  moving bed b i o -  
mass g a s i f i e r s .  It i s  intended t h a t  t h e  goal be achieved by ga ther ing  funda- 
mental -process data on pro to type reac to rs  and developing p r e d i c t i v e  r e a c t o r  
design model s  . 

S p e c i f i c  ob jec t i ves  i nc lude  c losure  o f  mass balances, and obta. ining temp- 
e ra tu re  and composit ion p r o f i l e s  through a  moving bed under steady s t a t e  con- 
d i  t i o n s .  

S p e c i f i c  ob jec t i ves  of, t h e  model a re  t o  e x t r a c t  i n t r i n s i c  k i n e t i c s  o f  
char g a s i f i c a t i o n  reac t i ons  and t o  p r e d i c t  t h e  e f f e c t  o f  throughput on t h e  a i r /  
f u e l  r a t i o .  From thermodynamic cons idera t ions  one would expect t h a t  t he re  
e x i s t s  an optimum value o f  t h i s  r a t i o .  Under p y r o l y s i s  cond i t i ons  (no a i r ) ,  
some char i s  i n e v i t a b l y  produced. As t h e  a i r l f u e l  r a t i o  i s  p rogress ive ly  i n -  
creased from zero t o  approximately one f o u r t h  o f  t h e  s t o i c h i o m e t r i c  va lue ( t h a t  
requ i red  f o r  complete combustion) char p roduc t ion  i s  reduced t o  zero. It i s  
a t  t h i s  p o i n t  t h a t  one achieves maximum conversion: t h e  grea tes t  storage o f  
feedstock energy i n  t h e  gas phase. However, i t  appears t h a t  t h e  a i r l f u e l  r a t i o  
i s  no t  an independent v a r i a b l e  f o r  a  wide range o f  mass f l uxes  i n  moving bed 
g a s i f i e r s .  That i s ,  suppose one i s  opera t ing  a t  a  steady s t a t e  a t  some f i x e d  
a i r  r a t e :  i f  the  a i r  b l a s t  i s  then increased then the  ou tpu t  w i l l  be boosted 
bu t  t h e  a i r l f u e l  r a t i o  may change very  l i t t l e .  For some f i x e d  bed depthllhow- 
ever, t h e i r  i s  a  maximum a i r  r a t e  t h a t  can be achieved before oxygen break- 
through occurs and t h e  a i r / f u e l  r a t i o  g r e a t l y  exceeds t h e  optimum value. It 
would be des i rab le  t o  p r e d i c t  how grea t  a  mass f l u x  cou ld  be achieved f o r  a  
p a r t i c u l a r  r e a c t o r  w i t hou t  depar t ing  excess ive ly  from t h e  optimum a i r l f u e l  
r a t i o .  

3. Experimental Methods 

We have chosen t o  study.-an atmospheric pressure u p d r a f t  g a s i f i e r  i n i t i a l l y .  
I n  t h i s  type o f  r e a c t o r  t he  s o l i d  and gas streams move coun te rcu r ren t l y  and 
the  processes o f  combustion, char g a s i f i c a t i o n ,  and p y r o l y s i s  occur i n  d i s t i n c t  
zones which can be i n d i v i d u a l l y  probed. We have cons t ruc ted  a  p ro to type reac-  
t o r  which i s  10 inches i n  diameter and 30 inches h igh.  (Descr ip t ions  o f  t h e  
equipment and f l o w  schematics a re  inc luded i n  t he  appendix).  

I n i t i a l  experiments a re  be i  ng..performed w i t h  a  feed o f  densi f i e d  wood 
p e l l e t s .  The p e l l e t s  a re  produced w i t h  constant  diameter and t h e  moisture 
content  va r i es  very  l i t t l e  i n  storage. I n  add i t i on ,  they  are  converted t o  
a  very dense char which i s  no t  e a s i l y  f r ac tu red .  This  mechanical s t reng th  
r e s u l t s  i n  lower losses o f  combust ible m a t e r i a l  t o  t h e  ash p i t .  

The pr imary o b j e c t  i s  c a r e f u l  measurement o f  i n p u t  and ou tpu t  streams. 
The s o l i d  p e l l e t s  a re  f ed  cont inuous ly  us ing  a  feeder which incorpora tes  a  
l o c k  hopper, a  bank o f  t h ree  speed-contro l led meter ing screws, and an i n j e c -  
t i o n  screw operated a t  a  constant  speed o f  100 rpm. The separa t ion  o f  t he  
meter ing and feeding func t ions  I n  thSs way r e s u l t s  i n  a  reproduc ib le  cor re -  
l a t i o n  o f  feed r a t e  and screw speed. We have c a l i b r a t e d  t h e  feeder w i t h  % 
i n c h  and 318 i n c h  p e l l e t s  and obta ined feed r a t e s  reproduc ib le  t o  w i t h i n  two 



percent .  The a i r  i n p u t  i s  monitored w i t h  an o r i f i c e  meter/pressure t r a n s m i t t e r  
and i s  c o n t r o l l e d  w i t h  a Westinghouse V e r i t r a k  f l o w  c o n t r o l l e r .  The o r i f i c e  
meter i s  c a l i b r a t e d  aga ins t  a d ry  gas meter. 

The measurement o f  t h e  product gas stream i s  more d i f f i c u l t  because o f  
t h e  heavy o i l  load ing .  The e n t i r e  gas stream i s  quenched and scrubbed and 
t h e  t o t a l  f l o w  o f  c o l d  gas passed through a gas meter. I n  add i t i on ,  a t r a c e r  
i n j e c t i o n  method i s  being developed. The e n t i r e  scrubber water inventory  i s  
c o l l e c t e d  and analyzed f o r  i t s  o i l  content .  The o i l  load ing  i s  a l so  obta ined 
by passing smal l ,  measured q u a n t i t i e s  o f  gas through i n - l i n e ,  glass f i b e r  f i l -  
t e r s .  Thus both t h e  o i l  and gas streams a re  measured by two independent methods. 

Gas samples a r e  drawn from v,arious po r t i ons  o f  t he  bed through a s p e c i a l l y  
designed e igh t -po r t  va lve.  Ceramic tubes o f  var ious lengths a re  connected t o  
these por ts .  The va l ve  a l lows f o r  purg ing seven tubes w i t h  n i t rogen  w h i l e  a 
sai l~ple i s  withdrawn from t h e  e i g h t h .  The o f f g a s  l e v e l s  o f  GO, Cop, Hp0.and 
CH4 a r e  monitored cont inuous ly  w i t h  Anarad I R  analyzers. The most c r i t i c a l  
measurement i s  t h a t  o f  water s ince  t h i s  cannot be measured on t h e  gas chromato- 
graph. 

Samples are  withdrawn i n t e r m i t t e n t l y  from the  o f fgas  and analyzed by a 
Car le Model I l l - H  gas chromatograph. This i s  a f ive-column, three-valve i n -  
.strument which can rep roduc ib l y  de tec t  Hz,  CO, C02, N2, 02, CH4, and C2 t h r u  
C6 hydrocarbons t o  bet . ter  than l.%. accuracy. when p rope r l y  ca l  i brated.  The 
accuracy o f . o u r  standard c a l i b r a t i o n  gases i s  the opera t ing  l i m i t  o f  e r r o r .  

Bed samples a r e  withdrawn th rough. the  e i g h t  p o r t  va lve  and s tored i n  
sample bott.1 es equipped w i t h  septa. A syr inge i s  used t o  'withdraw samples 
from t h e  b o t t l e  b u t  ;:the .gas sampl i;ng valves on the  Car le GC a re  a c t u a l l y  used 
f o r  sample i n j e c t i o n .  (Syr inge i n j e c t i o n  methods f o r  gas samples a re  inher -  
e n t l y  1 i m i  t e d  i n  accuracy).  , 

4 ,  Resul ts  

Procurement bejan i n  August of 1979 and f s  now complete. A11 equipment 
and inst rumen' tat ion has been i n s t a l  l e d  and checked .ou t ,  We had our f i r s t  
run  on June 4, 1980. A t  thi's date we have run  ei'ght ti'mes, sol .v ing equipment 
problems and ga in ing  opera t ing  experience, We are  now developing e f f i c i e n t  
methods o f  sample c o l l e c t i o n  and ana lys is .  

Operat ional Resul ts  : 

. A safe  and r a p i d  s t a r t - u p  procedure has been developed, 

. The feeder can charge wood p e l l e t s  t o  the  r e a c t o r  csn t inuous ly  
and. a g a l n s t  pressure over the  range 0 t o  40 kg/Rr. TRe,cal ibra-  
t i o n  o f  feed r a t e  w i t h  motor speed i s  l f n e a r  over t h i s  range. 

3 .  The r e a c t o r  can be brought t o  steady s t a t e  i n  2.5 hours from a 
c o l d  s t a r t .  

4. The scrubber/demistor combination removes 99+% o f  t he  o i l  m i s t  
from the  o f fgas .  

*We a r e  s t i l l  w a i t i n g  t o  rece ive  a pressure t r a n s m i t t e r  and low dens i ty  pulser .  
These are t h e  on l y  i tems n o t  y e t  i n s t a l l e d .  



A n a l y t i c a l  Resul t s  : 

1. With some a d d i t i o n a l  i n s u l a t i o n  on t h e  r e a c t o r  we reduced t h e  
r a d i a l  temperature g rad ien t  t o  zero. Ax ia l  temperature p r o f i - l e s  
i n d i c a t e  t h a t  w i t h  a t e n  i n c h  bed a t  steady s ta te ,  t h e  r e a c t o r  
i s  nea r l y  isothermal .  She range o f  i n p u t  a i r  r a t e s  i n v e s t i g a t e d  
so f a r  i s  o n l y  1.6-7 Nm /h. (1-4 SCFM). 

2. We have no t  been ab le  t o  ge t  a complete mass balance as y e t  be- 
cause we s t i l l  do n o t  have an a n a l y t i c a l  p rocedure l fo r  determin ing 
concentrat ions o f  o i l  i n  water.  Such a procedure i s  being develop- 
ed under subcontract  a t  Hauser Labs i n  Boulder, CO. However, we 
are  ab le  t o  c o l l e c t  a l l  e f f l u e n t .  

3 .  The gas sampling va lve  works w e l l  and we are  ab le  t o  o b t a i n  com- 
p o s i t i o n  p r o f i l e s  through t h e  bed. Pre l im inary  r e s u l t s  i n d i c a t e  
t h a t  we are  g e t t i n g  two peaks i n  C02 concent ra t ion  i n  t h e  bed. A 
maximum i n  CO concent ra t ion  co inc ides w i t h  the  minimum i n  C02 con- 

. cen t ra t i on .  It appears t h a t  t h e  GO2 formed i n  t h e  combustion zone 
i s  reduced nea r l y  complete ly  t o  CO i n  t h e  char g a s i f i c a t i o n  zone 
and t h a t  t h e  f i n a l  C02 c o n t r i b u t i o n  i n  t h e  o f f gas  i s  due t o  t he  gas 
e v o l u t i o n  i n  the  p y r o l y s i s  zone. 

A zero o rder  model has been developed and sof tware i s  now. being wri- t ten 
f o r  execut ion on a Hewlet t  Packard 9845 desktop computer. As a f i r s t  c u t  
t h e  model assumes no r a d i a l  g rad ien ts  and Ignores a x i a l  d i spe rs ion  (p lug.  f l o w )  
and gas phase o x i d a t i o n  o f  H2 and CO. The f o l l o w i n g  reac t i ons  a re  considered: 

Reactions (1 )  through (4)  a re  t r e a t e d .  as heterogeneous and i r r e v e r s i b l e  
and we use a g loba l  r a t e  expression i nco rpo ra t i ng  bu l k  and pore d i f f u s i o n  r e -  
s is tances.  React ion (5)  i s  considered a t  e q u i l  i b r i u m  throughout t h e  bed. 
Dry ing and d , e v o l a t i l i z a t i o n  a re  considered instantaneous. 

The p lan  i s  t o  c a l c u l a t e  temperature and composit ion p r o f i l e s  f o r  t h i s  
model and then t o  i n d i v i d u a l l y  r e l a x  t h e  r e s t r i c t i v e  assumptions made t o  see 
which are  most i n  e r r o r .  The model becomes more cumbersome w i t h  each increase 
i n  soph i s t i ca t i on .  Therefore, t h e  degree o f  complex i ty  w i l l  be determined by 
the  l e v e l  o f  agreement w i t h  t h e  data obta ined from experiment. When t h e  d i f -  
ferences i n  model p red i c t i ons  become smal le r  than the  s c a t t e r  i n  t h e  data ob- 
t a ined  t h e  model development w i l l  be concluded. 
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APPEMD1.X 

-1 .' D e s c r i p t i o n  o f  I n s t a l l e d  Equipment. 

The system can be broken down i n t o  f o u r  process areas. These a r e  p i c t u r e d  
. schemat ica l l y  i n  F igure  33-G-FSCH. The f i r s t  requi rement  i s  an a i r  supply  (area 

100) f o r  t h e  g a s i f i e r  and combustion chamber. The g a s i f i e r ,  feeder,  and f low 
measurement f unc t i ons  comprise process area 200. I n  o rde r  t o  c a r e f u l l y  measure 
f l o w  r a t e s  o f  product ,  t h e  gas must be cooled and' c leaned. The scrubber system 
and ga's meter a r e  t h e  main components o f  process area 300. The f l a r e  system 
(process area 400) c o n s i s t s  o f  a  burner  mounted on a h e a v i l y  i n s u l a t e d  combus-. 
t i o n  chamber, a  p i l o t  gas supply,  and a chimney. 

2. Process Area 100 (See Drawing 33-G-PID-1) . 
The blower i s  a  Gardner Denver 3CDL8 r o t a r y  blower r a t e d  f o r  200 SCFM a t  a  

d ischarge pressure o f  14 ps ig .  The d r i v e  i s  a  30 hp motor w i t h  v a r i a b l e  speed 
b e l t  conver te r .  The blower i s  equipped w i t h  an a i r  f i l t e r ,  i n t a k e  s i l e n c e r ,  and 
d ischarge check (CV-102) and r e 1  i e f  (RC-101) va.lves. Beyond t h e  d ischarge  s i -  
l encer ,  t h e  a i r  i s  cooled t o  ambient temperature i n  a  water  cooled, f inned- tube 
heat exchanger and then s p l i t  i n t o  t h r e e  streams. A r e c y c l e  stream i s  metered 
through an armored tube f lowmeter (FI - I l l ) ,  and va l ve  (V-111). Combustion a i r  
i s  d e l i v e r e d  t o  process area 400 through a pressure reduc ing  v a l v e  (PCV-141). 
The a i r  b l a s t  f o r  t h e  g a s i f i e r  i s  d e l i v e r e d  through a s h u t - o f f  v a l v e  (V-122) 
and a pressure reduc ing  va l ve  (PCV--12.1). 9 u i l d i n g  c h i l l e d  -water i s  used t o  
cool  t h e  heat  exchanger and i s  moni tored through a ro tameter  (F I -121) .  Conden- 
sa te  i s  d ra ined  through a s h u t - o f f  v a l v e  (V-121). Blower d ischarge  pressure i s  
i n d i c a t e d  on PG1. A i r  temperature i s  i n d i c a t e d  a t  t h e  blower d ischarge  (TG1) , 
and upstream (TG2) and downstream (TG3) o f  t h e  heat  exchanger. An automat ic  
h i gh  temperature s h u t - o f f  i s  i n s t a l l e d  (TC-101). E a r l y  warning o f  excess ive 
temperature r i s e  i s  p rov ided  through thermocouple TC1. Th i s  temperature i s  r e -  
corded on a Leeds and Nor th rup  recorder .  Th is  c i r c u i t  i s  alarmed w i t h  a  warn ing 
l i g h t  (L1)  and horn ( H I ) .  The d e l i v e r e d  a i r  temperature i s  remote ly  sensed 
through thermocouple TC-J6 and i s  d i sp layed  on a rack-mounted pyrometer.  

3. Process Area 200 (See Drawing 33-G-PID-2). 

Reactor : 

The g a s i f i e r  i s  cons t ruc ted  o f  316 SS and i s  10 inches i n . d i a m e t e r ,  30 
inches h igh,  and sealed w i t h  .25 i n c h  f langes;  The g r a t e  i s  SS mesh and r e s t s  
on a s h e l f  5 inches above t h e  bottom f lange .  The she l f  i s  a  p o r t i o n  o f  t h e  i n -  
l e t  - a i r  plenum. S ix teen  0.375 i n c h  ho les  a r e  d r i l l e d  on t h e  c i rcumference o f  
t he  plenum and p rov ide  an even ly  d i s t r i b u t e d  a i r  b l a s t  below t h e  g ra te .  Melded 
coup l ings  on t h e  l i d  p rov ide  access f o r  movable thermocouples, a  gas sampl ing 
valve, and a bed l e v e l  i n d i c a t o r .  Exp los ion  r e l i e f  i s  p rov ided  through a rup-  
t u r e  d i s c  (V-271) i n s t a l l e d  i n  a  2- inch NPT l i n e  which i s  vented overhead. A 
Dwyer DP c e l l  i s  used t o  mon i t o r  t h e  pressure drop across t h e  r e a c t o r .  

S o l i d  Feed: 

Wood feed ( p e l l e t s  o r  ch ips )  i s  charged through a l o c k  hopper t o  a  b i n  on 
t h e  feeder  which has h i  and l o  level.. i n d i c a t o r s .  The l o  l e v e l  i n d i c a t o r  i s  
alarmed w i t h  a  horn and warning l i g h t .  Pressure i s  ma in ta ined  d u r i n g  charg ing  
through two a i r - a c t u a t e d  s l i d e  va lves.  Three SCR-control led screws p rov ide  



metered feed t o  'an i n j e c t i o n  screw operated a t  cons tan t  speed. The feed  r a t e  
i s  c a l i b r a t e d  w i ' th  a tachometer on t h e  me te r i ng  screw d r i v e .  

A i r  B l a s t  : 

A i r  a t  3-6 p s i  i s  metered through an o r i f i c e  p l a t e .  Upstream temperature * 

(TG6) and p ressure  9 PG2) a r e  moni tored and t h e  pressure drop across t h e  p l a t e  
i s  ,converted t o  a 4-20 ma s i g n a l  i n  a Goul d pressure t r a n s m i t t e r  (PTI ) . A 
Westinghouse V e r i t r a k  c o n t r o l l e r  uses t h i s  s i g n a l  t o  ac tua te  a current - to-pneu-  
m a t i c  converyer  on a f l o w  c o n t r o l  v a l v e  (FCV-201). The f l o w  r a t e  i s  recorded 
on a V e r i t r a k  2-pen receoder .  The i n l e t  a i r  temperature t o  t h e  . g a s i f i e r  i s  . : 
a l s o  recorded  on t h e  second pen. 

Purge System: 

A t h r e e  way v a l v e  (V-202) i r ~  t h e  a i r .  supply  i s  no\-mally i n  t h e  s t r a i g h t  
r u n  p o s i t i o n .  I f  t h e  p i l o t  f lame on t h e  burner  (see process area 400) i s  ex- 
t i ngu i shed ,  a UV f lame d e t e c t o r  t r i p s  a r e l a y  which shuts  o f f  t h e  a i r  and opens 

. V-202 i n  t h e  branch-run p o s i t i o n ,  a l l o w i n g  a n i t r o g e n  f l o w  i n t o  t h e  r e a c t o r .  
The n i t r o g e n  s tops  t h e  p roduc t i on  o f  combust ib le  gas and i n i t i a t e s  c o o l i n g  o f  
t h e  f u e l  bed. The n i t r o g e n  purge can a l s o  be i n t r oduced  manual ly  through shut -  
o f f  v a l v e  V-212. Thermocouple TC-A1 i s  w i r e d  t o  a temperature s w i t c h  (TA1). 
Th i s  switc,h a c t i v a t e s  a warn ing l i g h t  (L5). .on t h e  c o n t r o l  panel should t h e  bed 
temperature '  r i s e  beyond a p r e s e t  1 i m i  ti . - 

S t a r t - u p  System: 

Normal ly  t h e  p roduc t  gas e x i t s  t h e  g a s i f i e r  through a 2- inch NPT l i n e  ( t e r -  
m i n a t i o n  E on drawing 33-G-PID-2). However, on s t a r t - u p  t h e  g a s i f i e r  i s  r u n  i,n 
a s u c t i o n  mode and gas i s  drawn through v a l v e  V-241 on a 1 - i nch  NPT l i n e .  Suc- 
t i o n  i s  p rov ided  by an a i r  e j e c t o r  (see area 400).  A i r  f o r  s t a r t - u p  i s  drawn 
th rough a 2 - inch  c o u p l i n g  on t h e  bottom l i d  o f  t h e  g a s i f i e r .  The i g n i t i o n  source 
i s  a Meeker burner .  Normal ly  i g n i t i o n  i s  achieved i n  t h i r t y  seconds and t h e  com- 
b u s t i o n  i n  t h e  bed becomes s e l f - s u s t a i n i n g  i n  two o r  t h r e e  minutes.  

Sampling System: 

Bed samples a r e  withdrawn through an e i g h t - p o r t  sampl j n g  va lve ,  Ceramic 
tubes (3/32 i n c h  OD) a r e  connected t o  t h e  v a l v e  and extend t o  va r i ous  depths 
i n  t h e  bed. Purge gas i s  i n t r oduced  thr6ugh a ro tameter  (FI -212)  t o  keep t h e  
tubes c lean.  

Off-gas samples a r e  withdrawn through a heat  t r aced  l i n e  which i s  plumbed 
d i r e c t l y  t o  I R  ana lyzers  and t o  a gas chromatograph. Samples o f  cooled, c leaned - 
gas a r e  ob ta ined  downstream o f  t h e  demistor .  

4. Process Area 300 (See Drawing 33-G-PID-3) - 

The raw gas stream i s s u i n g  f rom t h e  r e a c t o r  (20 t o  50 SCFM, 600 t o  800 '~)  
i s  connected t o  t h e  scrubber  w i t h  a s h o r t  r u n . o f  h e a v i l y  i n s u l a t e d  p ipe .  The 
gas i s  kep t  h o t  t o  i n s u r e  t h a t  o i l s  condense i n  t h e  scrubber  and n o t  i n  t h e  
t r a n s f e r  l i n e .  The scrubber  c o n s i s t s  o f  two 10 i n c h  p i p e  spools  30 inches long,  
w i t h  f l anged  ent rance and e x i t  sec t ions .  The lower  spool i s  packedwi,th 304 SS 
pa l  1 r i n g s  (nominal  1 i n c h ) ,  t h e  upper spool w i t h  3/4 i n c h  Stoneware Be r l  saddles, 



and the.  d isengaging s e c t i o n '  w i t h  Kimre B-Gon m i s t  e l  i m i n a t i o n  media ( t o  t r a p  
water m i s t ) .  C h i l l e d  water ( 2  GPM) i s  i n t r oduced  a t  t h e  t o p  o f  t h e  column. 

' 

The water i s  c h i l l e d  i n  o rde r  t o  reduce t h e  moi-sture con ten t  o f  t h e  e x i t i n g  
gas. Scrubber water e x i t s  t h e  column and i s  discharged t o  a  c l osed  tank  
f i t t e d  w i t h  a  l i q u i d  l e v e l  gauge. Approx imate ly  4  GPM o f  l i q u i d  i s  pumped t o  
a  heat  exchanger, h a l f  o f  which i s  r e t u r n e d  t o  t h e  tank  through v a l v e  V-308 
f o r  a g i t a t i o n .  The remainder i s  passed through t o  t h e  t o p  o f  t h e  column. The 
heat  l o a d  o f  t h e  exchanger i s  taken up by a c h i l l e r .  The heat  l o a d  on t h e  c h i l -  
l e r  i s  vented ou t s i de .  

The c o l d  gas may s t i l l  c o n t a i n  a  minor  amount o f  o i l  m i s t  and t h i s  i s  r e -  
moved by a fume coalescer  (demis t ro )  which i s  e s s e n t i a l l y  a  p r o t e c t i v e  dev ice  
f o r  t h e  gas meter.  Gas samples a r e  withdrawn p e r i o d i c a l l y  through an i n f r a r e d  
ana lyzer  t o  mon i t o r  t h e  composi t ion (CO, C02, CH4, H20) o f  t h e  stream. 

The pressure drops across t h e  scrubber (PT2) and o r i f i c e  p l a t e  ( P T ~ )  a r e  
recorded con t inuous ly .  The pressure drop across t h e  demistor  i s  i n d i c a t e d  on 
a DP c e l l  (DP5). The gas meter i s  equipped w i t h  a  1  ow d e n s i t y  pu l  se r  t o  t o t -  
a l i * z e  t h e  gas f l ow .  The pu l se r  i n  con junc t i on  w i t h  a  t i m e r  i s  used t o  c a l i b r a t e  
t h e  o r i f i c e  p l a t e s .  

5. Process Area 400 (See Drawing 33-G-PID-4). 

The f l a r e  system c o n s i s t s  o f  a  burner;  combustion chamber, f l u e  stack; 
a i r  supply,  and p i l o t  and i g n i t i o n  systems. . . 

B u i l d i n g  a i r  and n a t u r a l  gas a r e  used f o r  t h e  p i l o t  system. The p i l o t  
m i x i ng  tube and burner  a r e  threaded i n t o  a  314 i n c h  opening i n  t h e  main burner  
housing and i s  spark i g n i t e d  by 6000 v o l t  t rans fo rmer  and spark p lug .  

A UV f lame de tec to r  i s  a l s o  screwed i n t o  t h e  burner  housing. A f lameout  
c o n d i t i o n  t r i p s  a  r e l a y  which c u t s  o f f  t h e  a i r  supply  t o  t h e  g a s i f i e r  and f l o o d s  
t h e  r e a c t o r  w i t h  n i t r ogen .  Flameout a l s o  a c t i v a t e s  a horn (H3) and a warn ing 
l i g h t  ( L3 ) .  

Combustion a i r  i s  admi t ted  through a pressure reduc ing  v a l v e  (PCV-401 ) . 
The low pressure a i r  stream suppl i e s  p r imary  a i r  through f l o w  meter FI-401 and 
secondary a i r  through FI-402. On s t a r t - u p ,  h i g h  pressure a i r  i s  metered th rough 
f lowmeter FI-403 t o  an a s p i r a t o r  which pu t s  t h e  g a s i f i e r  under suc t i on .  

The s tack  i s  a  10 i n c h  ID, t r i p l e  wa l l ed  condu i t  runn ing  from l a b  268 t o .  
s i x  f e e t  above r o o f  l e v e l .  On s ta r t - up ,  t h e  s tack  i s  heated by a gas f lame t o  
induce a f l o w  by n a t u r a l  d r a f t .  The combustion chamber exhaust temperature i s  
sensed by thermocouple TC2. Th is  temperature i s  recorded con t i nuous l y  a n d . t h e  
c i r c u i t  i s  alarmed. An exhaust temperature i n  excess o f  1 1 0 0 ~ ~  sounds a horn 
(H2) and a warning 1 i g h t  ( L2 ) .  The f l u e  gas can be tempered e a s i l y  by inc reas-  
i n g  t h e  f l o w  r a t e  o f  combustion a i r ,  
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